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Outline

• The East Asian VLBI Network (EAVN)

• EAVN campaign observations of SgrA/M87 in spring 2017

• Very early progress report
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The East Asian VLBI Network (see talk by K. Wajima tomorrow)

• International collaboration to form a large VLBI network by 
combining ~20stations distributed throughout EA countries

• Baseline coverage
• < 1km (Hitachi-Takahagi) ‒ 5500km (Urumqi ‒ Ogasawara)

• Frequency coverage
• 6.7GHz (12 stations), 8GHz (15), 22GHz (16), 43GHz (10)
• 1.4/2GHz, 86/129GHz at several stations

• Baseline sensitivity (1σ, 1Gbps, 2bit, BW=256MHz, tint=60sec)
• 0.2 mJy @ 8GHz (Tianma ‒ Ulsan) 
• 1.0 mJy @ 43GHz (Tianma ‒ Nobeyama)

• Whatʼs unique
• Wide frequency coverage, high-sensitivity VLBI, high-DR imaging, 

regular monitoring capability
• Correlation

• Daejeon hardware correlator (primary), also DiFX at KASI/SHAO
• Future potential expansion

• FAST, Thailand VLBI Network etc.



EAVN status and timeline 

• 2013
• Formed Korea-Japan-China joint EAVN commissioning team

• 2014-2015
• Fringe tests with a small number of stations
• (meanwhile, regular operation of KVN+VERA (KaVA) started)

• 2016
• Promoted commissioning with more stations, array performance

evaluation
• First imaging test observations with KaVA+Tianma65m 

• 2017
• Validate array performance for 1st open-use cycle

• (Early-)2018
• Start open-use operation with a subset of EAVN stations (e.g., 

KaVA+Tianma), mainly 22/43GHz? (not fixed yet)



SgrA* and M87: the nearest SMBH

• Event Horizon Telescope in April 2017
• BH shadows in SgrA* & M87
• Accretion flow, jet launching

• EHT - limited FOV, limited image quality
• Complementary low frequency, high-quality 

VLBI data crucial => EAVN

Imaging the Black Hole Shadow and Jet Launching Region
of M87

PI: The EHT consortium
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Figure 1. Project Overview. (top) Image of M87 at 7mm with the VLBA. Upper Insets show particle density
and magnetic field lines threading a simulated jet (Moscibrodzka+ 2016) and the 2017 EHT array as viewed from
M87. (bottom) Model image of M87 at 230 GHz with simulated EHT reconstructions. The model image is based
on Moscibrodzka+ (2016) with general relativistic radiative transfer (Dexter+ 2016). Images are reconstructed with
sparse modeling (Honma+ 2015) showing expected EHT performance with and without ALMA (see Fig. 2). We have
compared these results with four synthesis imaging techniques (Bouman+ 2016) and have confirmed that, with ALMA,
we can clearly detect the shadow with each method.

A. Introduction and Background: Among all AGN known to power jets, M87 presents us with
the best opportunity to forge a link between the supermassive black hole (SMBH) and relativistic
outflow. At a distance of 16.7Mpc, and with an estimated mass of 6.6⇥109 M� (Gebhardt+ 2011), the
Schwarzschild radius of this black hole subtends ⇠ 8µas on the sky. Because of strong gravitational
lensing near the black hole, the apparent diameter of the shadow cast by the black against the local
hot plasma will be 42µas (Bardeen 1973), and the corresponding apparent diameter of the Innermost
Stable Circular Orbit (ISCO) for accreting matter is 59µas. Remarkably, the sizes of these strong-
field GR features are well matched to the angular resolution of the Event Horizon Telescope (EHT),
a 1.3mm wavelength VLBI array spanning the Earth. The EHT Consortium has used observations
on a three-station 1.3mm VLBI array to report size measurements for the jet base of M87 of just
44µas (5.5 times the Schwarzschild radius), confirming the existence of horizon-scale structure and
bringing the possibility of imaging the jet launch region within reach (Doeleman+ 2012, Akiyama+
2015). In parallel, members of our team have carried out the most detailed VLBI imaging of the M87
jet at longer wavelengths. At a wavelength of 3mm, the inner jet down to ⇠ 20 Schwarzschild radius
scales exhibits a broad parabolic opening, indicating the start of an accelerating outflow, as well as
a clear counter jet, constraining the location of the central black hole (Asada & Nakamura 2012,
Hada+ 2016, Fig. 1). In addition, phase-referenced VLBI over multiple wavelengths has revealed
a clear frequency-dependent shift of the jet base, as expected for a jet that becomes optically thin
at higher frequencies close to the black hole (Hada+ 2011). Together, these prior results place the
1.3mm VLBI emission within a few Schwarzschild radii of the black hole.
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EAVN campaign in spring 2017

• Commissioning purpose
• Promote EAVN test observations. Rehearsal of regular operation

• Scientific purpose
• Complement EHT. Demonstration of EAVN science capability

13 stations joined from EA
(JP 7, KR 4, CN 2)



Date UT time Target Freq. Stations
1 3/12 18:55 – 00:55 (6hr) SgrA 43GHz KaVA7, TM

2 3/18 12:45 – 19:45 (7hr) M87 22GHz KaVA7, TM, UR, HT, KS

3 3/19 11:40 – 18:40 (7hr) M87 43GHz KaVA7, TM

4 3/27 13:10 – 23:10 (10hr) M87+SgrA 43GHz KaVA7, TM

5 4/3 13:20 – 23:20 (10hr) M87+SgrA 22GHz KaVA7, TM, UR, HT, KS, MC

6 4/4 12:35 – 22:40 (10hr) M87+SgrA 43GHz KaVA7, TM

7 4/9 12:20 – 22:20 (10hr) M87+SgrA 43GHz KaVA7, TM, NY

8 4/14 12:00 – 22:00 (10hr) M87+SgrA 43GHz KaVA7, TM

9 4/17 11:45 – 18:45 (10hr) M87 22GHz KaVA7, TM, UR, HT, KS, SJ, MC, NT

10 4/18 11:40 – 21:45 (10hr) M87+SgrA 43GHz KaVA7, TM

11 4/24 09:20 – 16:20 (7hr) M87 22GHz KaVA7, TM

12 4/25 09:15 – 16:15 (7hr) M87 43GHz KaVA7, TM

13 4/26 15:55 – 21:55 (6hr) SgrA 43GHz KaVA7, TM, SJ

14 5/10 08:20 – 17:20 (7hr) M87 22GHz KaVA7, TM, MC

15 5/11 08:15 – 17:15 (7hr) M87 43GHz KaVA7, TM

16 5/25 14:00 – 20:00 (6hr) SgrA 43GHz KaVA7, TM

17 5/26 07:15 – 16:15 (7hr) M87 43GHz KaVA7, TM

TM: Tianma, UR: Urumqi,
SJ: Sejong, HT: Hitachi,
KS: Kashima, NY: NRO45,
MC: Medicina, NT: Noto
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• 17 epochs (5 @ 22GHz, 12 @ 43GHz)
• 140hr (40 @ 22GHz, 100 @ 43GHz)
• KaVA+Tianma for all the epochs



EAVN fringes 

• Correlation and data analysis in 
progress

• Correlation finished for 7 epochs
• KaVA+Tianma fringes detected 

for most of these epochs

• March/18/2017 (22GHz)
• First complete EAVN fringes 

among VERA, KVN, Tianma and 
Urumqi 

VERA-KVN

VERA-Tianma

KVN-Urumqi

Tianma-Urumqi



22GHz, KaVA

M87 • March/18/2017, 22GHz
• KaVA, Tianma, Urumqi (Hitachi and Kashima remain to be added)

• First EAVN image with 5500km baselines!
• 0.5mas E-W at 22GHz (2.5 times better than KaVA beam)

22GHz, KaVA+Tianma+Urumqi
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Green: KaVA+Tianma
White: Urumqi



SgrA*

• First KaVA+Tianma image on SgrA*
• Tianma improved uv-coverage & 

resolution, and ~doubled image 
dynamic range

• April/4/2017, 43GHz
• KaVA + Tianma

Tianma (highlighted)

Tianma (highlighted)

Visit P4-02 by Guangyao Zhao
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Summary
• The East Asian VLBI collaboration is now rapidly growing 

• EAVN campaign observations of SgrA*/M87 in concert with EHT
• Accelerate EAVN commissioning
• Demonstrate a good science case

• Correlation and data analysis still on the way, but we already 
had some important progress

• First successful fringes among VERA, KVN, Tianma and Urumqi
• First successful image with 5500km baselines
• Significant array performance enhancement with Tianma

• Powerful science indeed promising with EAVN!


